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«V£*tf #*1 ^ ^ ^l^ u o V ^°l 7flAl£]c^ oicf. HVi^l 71* #°fl ^ 7±3°-S o] 

^ «fl^i-i:# *§#th}. 4 u fl^ ^^Hl-fr *8W<=K #7l ^<a^ 

^$1 ^ofl f^V ^^^-o. tg^^jr, # 7 ] *£<£^ _OJL ^4*} 

^ ^ sflc-g. i^Kr ^#-§- ^#^4. #71 -g-3fl « ifl = Sl 

#«fl, #71 HflAl^ ;gc£ nj-^^^-i- ^^jj. ^Efl^ chi^esaI^ -^B^f^r ^ 

#t*-tk ^^M, *!■■¥• wfl^ 3 !- #71 tfl-M <i#5M^ #-¥- «fl^4^ ^7l^ 

5. 2e 
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tiV£.^] -c^l ^ ^ ^l^^'ti {Semi conductor device and Method of manufacturing the 

same} 

£ la D ^ £ lbb f efl u o^°fl 3$ DRAM ^1^« 0 ^* ^<5>7l ^ *V ^£ 

£ 2a ^} S. 2e^ -g- XU ^aflofl o| ^ »£5^1 ^l^^* ^ 

£ 3a i-fl^l £ IIdtt -g- ^"^^ X| 2 °iHl ^tr ^£^1 *o v *l^ ^li u o V ^-8: 

50, 100 : 55 : wfl ^1 

54 : *[<*l 56 : al^e}- inflo^ 

60, 115 : 7fl^-^- 66, 120, 132 : M-S- 

62, 116a, 116b : ^2= 64, 114, 118, 130 : 

68, 122, 134 : ^3 o^eAa!^ 

101: Ir-^ <3<3 102 : di*}^ ^ ^ 

108 : 711 o]e 110 : tIMe n}^^^ 

112 : 711 o]e ^2)1 °1<*1 124 : «1 
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126 : wlMe}^] 4ia 128 : ulmsKl i^o^ 
136 : ^3)1 °H 138 : iSE^l 

®& uilS.e](ol§>, DRAM°1 ef ^) 3i n ^Is^^l ^tr 3M4. 

<16> aVE;*|] ^2: 7l#-i-ol ^^-^j7 nfls.^ ^ofl ql*l -g-g-o] ^-tfl^ofl v^Q, 

3. -g-^* *H-E.Bl 7i)^S)^ #4. ^sflAlE^ *>M-o^ E € 

^l^&IS. nflJEBl Ho] DRAM ZL $2^5.7} ^5Lj°l #4. 

<17> tiV£^j ^^£7> ^7>f-ofl rcfE} ( ±7}S\- ±7} £^ §^ 51*\^ 

^^(photolithography process) ^°1H * r *M , 7l^ 

^ ^ ^^«j-^o. s ^ n]^l 371 ^ ^*Rr o^j s^cf. 

" <18> . ojofl oj-^K DRAM #*l<HHfe- c^^^hoII- #±:X\?]7] ^ afljE. 

(landing pad)-!- ^>-g-*>JL , 0.1pm 3.7)<%*\^ 7f7l^l ^ 

(self-aligned contact) °l-8-*M ^1 °V^1^ #4^1 ^ 
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<19> £ la S. lbfe ^2fl a o V ^°fl ^ 1 3H-EL1- DRAM XlS 

<20> £ i a # ^-S*^, -f-tfsj ^7} £3 ^-^^.S i&3E.a|| 7l 

^-(10)^- ^4 <8«U12).2.3. ^-g-W. o]o)x\ t <£*\ aVs)-^ (thermal 

oxidation)^ <#7] <3<3^ S^ofl §£-8r Xl°lJ= Aj-^nv^ ^ ^ 

^ jjt t zl $H ^=.e^-<yo.s. Xl^s]^ MOS ^ ^^^Eis] 7])o]m. #^-(18)* tr^. 

<21> Aj- 7 ] TflolE ^^(18)-^ ZL ^ofl ^e]^. ^3~§-S- °l-f-<H*l TflojE ^3.^(20) 

^71 7flolJ= ^^-(18) 3? Thiols ^3flol^(22)l- "li^S °l-§-*Hir 

<22> Aj-7] mos M^l^-M- i^-*V 71^(10)^ XI 1 ^^^(24)^: f^tb 

^71 <^«* ^#§r^ 7fl^ LJ f» w>(bar) ^Efl^ n>^ 3 sfl^ °l-g-«H 

7fl°lH ^^-(18)1- aH^I 4i^^/^.efl«y s^^l I^H ^"71 X| l 

^^^"(24)* ^Jz^tJ.. 

<23> ZLHd C^g-, 7 fl^M- Dfl^5>£^- xl i ^ ^^°K24) ^Hl Jl^r-E^l 

3. #e^el€--2.3. oi^-o^^i xi 1 £^#1- f^r^i, ^71 XI 1 X1°1M 

n>Ai3.#(20)^l ^^r- nfl^V^l 2^ 7M13 chemical mechanical 
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polishing; CMP) ^O-S. #7l ^o] e ^^-(i8)ofl *M333jI 

#7l diiJ.i/^efl^ ^11 ^ ^12 ^ej 3fl^(26a, 26b)7> ^#£cj-. 

<24> AJ. 7 ] ^! ^ ^<^nV(24) *J -SEfl 5)1^^(263, 26b) #<Hl 

^ *fl2 ^^^-(28)-g- 3s CMP <>fl*l«l aT-7] ^2 l^s} 

(28)-i- ^W^m^. °1<H*1, *>^4 ^*<H #7l *(|2 ^^^-(28)* ^ 

3°-^ ^z|5H #7l JELeflo} ^#*Hr ^12 ^ sfl-EL(26b)^ ^#*>^- a] Ee]-o] 

^^#(30)1- ^^tbcf. #7l ale^o] ^em^(3o)^. nfl^^i^- #7l *112 
(28) #<*fl A]2 ^ ^ , ^^-S. #71 

^El^ ^S}-^ ^ ^12 3flEi^^-0_3LM] , ZL #^°11 ^l^o} P^3(34)# ^t>l 

<25> # 7 ] ^^#^1 #^-§-3. °l-f-°1^ ^3 ^^°|(36)^r f^tb 

CMP SE^r ofl*l«J} #7l *fl3 ^^^-(36)-ir ^sM^l*}. °H>H, A >^1 

^ ^-^SLS. #7l ^13 ^^(36) ^ *fl2 ^^^-(28)^: ^3 

^ #7l ^3 3H = (26a)» :t#<5Rr ^SSl^l i^H. ^^1- 

(38)-i: °H, #71 ^Sel^l ^JEL €-<3#(38)£r tIMs y o V *M *<iH3: ti o v *^ 

3- 91%^ *fll ^ 2fl = (26a)## HtKmerge^H ^tl ^#^. 

<26> £ lb* #2:*>^, #7l iMEM ^JEL ^^#(38) ^ ^13 ^<a^-(36) #°fl 

^Sl-ev* ^^}J1 °1* o] a 0 v^ <&jzJ-*H #71 ^Sel^l 2^ -EL ^^(38)51 ifl 
^ #°fl ^ ^miol^(40)* ^^^Vcf. 

<27> #7l ^iSel^l iiH. SI»^(38)-g- nfl^^r>£^- *H3 %-7^ ^«^°]-(36) #°11 

5L^€ l-el^sl^-O-S ol^^^l ^13 -t^i^-i: ^^>^i, CMP ^-^^-S. #7l ^13 
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^^5V(36)^1 S.^} nfl^l A o v 7l ^13 S^^-i: ^ 

<28> A o v #^ ^sfl ti o v ^°il z)*}^, ^ 3flH(26a, 26b )# ^^^7] ^ 

^ v #3, ^ ^c(26a, 26b)* 2n = ^^l ^ CMP ^ ^ ^ ©1 ^ (40) 

(20H ^Hl^C recess) 7> ^8*M #7l TflojE n}^£i^(20)°l n sHf-S} 7flo]M ^ 

(18)* ^.Jl^H ^Ml £t}. oje^V Sfl^S^l fl*fl>Hfe A o V 7] ^ojE n> 

^3.^(20)3] ^^1* #7>A]^o> ^nV, o] ^-f ££e|71aed]-4 ^ e) ^ *lS^^ 
^ ^ AjEflol^. o]z}c$ 7)}o)^ ^(notchingH I^SRr £-afl7> &t}. 
<29> TflolE n>i=I^(20)S] ^*f|« ^7>Al7l^C-fl *>^17> #71 nfl^, ^ 7 ]^ 

1 ^hm Alz]- ^ ^ ZL ^ ^z}^ TflojM n>^^(20)^ ^v\}7} ^|^r 

3-2-5. ^^Ml AV 7 1 711 ^^(18)^1 ofl^l^-# ^#Al?l7ll 3t=h ^ «1 

^^^(32)34 7flole ^^-(i8)o] ^7l^o.S. ^sM^-CE. i a ^ C ^S3*l icJE. 

^ #£i^LSq- TiMH ^^- (18 )ol ^71^ lb^ D #2:) &^7> *H^r 

[«Vrgol °l^-^7> <5^ 71^^ -Bj-7fl] 
<30> ^1^1 ^3£r ^ tiflAjjz]- tiflAj #<>} ^7H 

« ^ safe- te^i ^sHrHi sit+. 

<31> ^o] S.^ o. ^« AV«. yflAl ^ ^ 7 1^ c+e}-§- ^ ol 

fe *KE31 ^lsl ^11^^-^* ^^feC-fl ^Cf. 
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<32> ^30] S-^-g- iSel^l h^EL ^4 TllolS ^ cc^- «l§a}°J 

Tfl o]E €^ #7}*\ ^-fr «oM«" *r ^ DRAM ^1^1 7^2:^ -§: ^l^^cfl ol 

4. 

<33> ^7)^ ^*>7l £ ^^r, ^5^1 ^1 & \ ^7} 7}& ^-ofl A-| 

S. ^SjZL, Afll S*d# ^ A oM *fll £^f- ^-<^1 

°}^3f|- i^-*>^ ^K^fls] tiH^i-t; Z]- tifl^o} ^ttf ^o^nV ^10}*^; 

«fl^ll- ^ 7l# ^Hl ^ ^ ^ Jl , ^7l 5tfl^.^- v^#<5Hr #7_V 

^ ^71 -S-*H ^ 2fl = ^ ^Ml ^"71 BflAi^ 4iHfi 71 

<34> t^s^^i^ Aj- 7l u}^3.% ^ ^<gnl. ^0^^ 3)<gcq # 

<35> S.^ o. TgA$v}7) ^t}<^ o. j 7 )^- Aj-ofl A^L ?i 

3 ZL , *fll £^f^ ^ ^1 Aj-ofl i^-*V 

^ 4^ 7 fl O} HflAjS-^- ^Aj^ C^j; Z| aUAjOj ^tfofl ^ ^ ^ ^H^S-gr ^ 

#31; #7l ^sj- ^2))o]Aio} ^^igoii ^^^^1 A o v 7l yfl^^l- 91^^ afl^l *>°1^ 

°ti1]*KE^- ^12 ol^^l ^7flSl x}7) ^ 1 ^ifl 2fl^## *l^*Kr # 

7)1; ^"71 2fl.EL-i-ol ^A^^ 71^-^ ^^ofl f^^V ^<S^ ^Aj^ c+7^1; ^7l 
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^<gnV^ «-g-^ O.S. ^Z|^H A oM ^ ^*-§- *§^*Hr ^Tfl; £ 

^7) ^mr^r -f^ 2n#^ ^-71 -SS] sfljELS] #ofl f ^"71 ufl^S] nj-^^^o. 

<36> it^Q A o V 7lt}- ^12^ S-^^r 7l^r #ofl ^ S ^ 7i3-°.S. °1 3 

S)JL, *fll * ^7l 1 ^Hl *|<2 "}iaff 5L^-*Rr 4^7fl£] 

Hfl^-^-l: *§^*Rr ^Tfl; z]- ^tfcH] ^^nv ^lol^-^g- c^j ; 

¥ 7fl^ q-S. ^Efl ^^s.^- i^]-^ 7fl^«- ^ ti> ^Bfl^ n}^-L 3flEi-i- o)-g-^ 
, afl^d^- °J 3 yfl^l *>°13 71 ^ 7fl^ CfS. 7-1-71 ^ 1 ^ 

tffll=M-§- ^*H= #31; ^71 - 7 flcq cf^ sea sfl^s-oi 7 ]#<q ^ 

#7_> *i<£^"g- ^*Hr #711; #7l #?_V Y-g-^i^- A o V 7l 3°l5i 

¥ 7flSl cf^ ^en 3flc f ^ sl-M-sl ^Efl €^** *g^*Rr #7fl; 

^ A oM -§-*H SBJJ sfl^ol ^<H1, #7] ^1 Si n}>i=L^-g- 71 

tH*l-5Mt ^i^emaI^ *§^*Hir #7fl# ^l^Hr 3^ ^io S sRr 

<37> H>^-^s>7ll^, ^"71 ^ 7fl2l Cf^- ^ Sfl^-o. zgA^Kr ^711^, ^7} ^ 

^B^Hlr, tiB^l- £ 7^ #ofl ^1 ^<3^ <8^*H=- #?fl; ^<HS. ^ 7fl 

^1 ^ ^ ^^1-1- 5L^*Hr 7^-^-1- g±= til- ^Eflol v\ + EL °l-g-*H aH A d 

4 afl^i ^>°1^ 71^- S^ol }^%^ nfl^l a o V 7 ] ^! ^<S<2M- ^1Z|^^ 

Tfl; ^"71 711^1- nfl^^^ ^-71 ^1 #7_V ^<gEl- ^-ofl ^ 2 #7fl ; 
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5* #71 Hfl^ *>iiEL#S} 3.3 °1 "fl^l A oM Xl2 £.*d# ^ XU # 

<38> tfl^sMl^r, ^o]S. *f- 7fl£| ^ 2fl = l" ^ ^ sfl-EL* 

^*£r ^71 tiflAlul]- -g-^ u oH^S KflE-M- ^#*V^r 

<39> Aj- 7 )^ B.^ ^*>7} ^<5><X £ ^-gr, ^7fl^ 03 o3 .g. 

XI 7l« ^1, *>M-^1 *^ ^^Hr $13 # XHl= E}0]-i-^ A]-olofl ^£^^1 ic: 

^ XMJ= i^olA-l* ^til^f^ -^7t]X Tllole 5|o] o. ^^i*. ^711; #7l 

#*>fe- XI 2 ^ XI = !--§; ^^Kr 3: XI; #7} XI 1 3? XI 2 ^ $\^°) ^€ 7l# 
3 ^ofl Si^-fr 3^*Hr 3: XI; ^-71 ^<a<X-g- *)zJ-i*M #7} 

XMjs e}o]jif o]^s>^ XI 1 *HE.M ^#*V*r ^ 

^ XI 1 M XI ^X ^Hl, -*7l 7flolE n>^3#^r ^ ofl-X^l^ 

^sl€-^l-* ^*Rr #X1; ^ ^ ^SB^l it = vfl^-ofl A o V 7l XI l Xl-EL 

53 # SRr tiV^Xl X]S«o v ^* Xl^W. 

<40> ^-tgofl £l^>^, ^>7l^l XI = « i^#Al7l^ €-^#^r ^, ^71 ^ 
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* 9] tH cHi^sjAi^ ^sl^f-g- nJ-eH. #7l *if»3 o^e} 

^ Wfl^^ #71 ifl^ofl $#SM;g #«- afl^a^ ^ 7] ^ « o V^^- ol 

A. 



<4i> ^JjL^. c^-g. ^^o^ wVtgo} UfsJ-3l*V ^Al^S. #^§1 

<42> -^Ajc^] 1 

<43> £ 2a £ 2e^r ^- ^^l *fll ^HH ^ *K£*fi #*1^ ^ 

<44> £ 2a!- t^s}^ , 71^(50) #<H1 ^S. °1 ^ 5] ^ 

*fl^(55)* «fl^i(55)^ A\ 5L##(52) ^ ^S]^ 

ol^-^^l ^ ^^^(54)1- i^-*Vcf . #7l afll -£^#(52)£r JE^g € 
S^r ^©.S ^S}7lM-, i^g^ ol^^J *fll # £ ^ ^^A>o] = 

<45> #71 «fl^i(55)l-ol 71 #(50) #°fl Tim ^1 ^ v *}ii 

#7l *3<£BM- ^z^o} z]- ufl^(55)^ ^H^ (56 )s.-g- 

<46> #7] ^n°}*](56), «ll^(55) ^ 71^(50) #^1 ^e|€- Tlll^ #^ 

ol^ol^l 58 )-g: °1<H*1, ^ <3<3* 7fl^ 

(60)1- ^ v\^EL sflU, ofl^tfl iS^liE afl^ ol-g-s}^ ^^3. ^Sj-^ofl cflsfl 
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711^ cf^- cg^l-g, S^-S}^ 711 ¥^(60)1 £^ «> ^Efl^ n>^£i sflEi-i; ol-g-e} 

°1 «fl^l(55)3l- ^l^tb ^(55) Afolo| 7]^. s ^ol ofl^l Aj-7] ^7_V 

^"(58)* ^-jW. 

<47> £ 2b# #71 711^^(60)1- nfl^^£^- #71 *fll ^^^"(58) ^°\] 

*fi2 51*i^(61)-& K}#z\*}7])^ , #7l ^2 5L*d#(61)^ 

£^S€ #^^Sl^AS ol=.c^^lcf. 

<48> £ 2c* ^S^, #71 tifl^l(55)^ v}^ 53.^ (54) 2} S.*£°) tfftv}*} # 

71 *fl2 £^#(61) * ^1 ^^^(58)^- 7l7ll^ <£n>(CMP) <Hl^l«Jj ^ 

CMPs]- ^l^l^^- ^ #2] <>|^ *}i4s ^E^s)-*iq-. ^s^, #71 ^<^^ 

^1<>H(62)^ ^1^^<H1 ^*>^^ afl^css)^ o]^*V ^(55) a>o^ ^#-g- nfl 
A>7l^l ^ 3xfl = (62)#ol ^^cK ti>^5:>7im, #7l *\o]5i J= 711 ^ 

<49> £ 2d!- ^S}^, #71 *fl = (62), «flAj(55) ^ ^^^-(58) #<Hl ^ 

3^- #S|-# T^llSl ol^^l ^fl2 ^^^(64)^- ^#*V^. o)o]^\ t a>^]a1 

z]- #71 ^12 %Q ^^nv (64) ^ -"-g-^c^ #7l ^ 3fl = (62), a> 

^^T^ #71 ^<H£ - 7H^1 CJ--E- sfl^S- - ^ u j.o] 3fl = l- ir.#S>^ ^ 

Q}*(66)* ^W^. #71 ^*(66)£r *>M-^ ^ nfl = (62)^l #-§-*Rr ^ 

^sl-7iu|-, #7l aflAj (55)^1- -g-o^ « 0 >t£o.s. oj^t!: BJ|.E.( 62 )-&-§: 
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<so> 5. 2e» ^hSSj-'S. ^7) ^Sj¥(66)-i: -f-sfl ^#=1 ^e) 3fl;EL(62)^ A cHl ^> v 

71 aflAl(55)Sl nfi^#(54)-i- ^tH* ^ &-§- if-v\}3. ofls^l^ 

<5i> o)6]X\ i £ a1^1^ ^^0.14 , A o v 7 j ^2 ^?_> ^^^-(66) ^ M*(66) #ofl <£^r 

stopper)^. °l-g-*H ^el^- ^2^3]-^ ol« 0 V^ ^-7] ^^l-(66)^ ifl 

o]l3X)lflAl^ ^Ej^(68)£: ^7} ^ ^^.o.S.^-Ei tsH*. Hfl^i(55)-i- ^>J1 5^ ^ 

<52> ne} t}-g- ( ^-^#(66)# ffl^KE-^ #7l *fl2 ^^-(66) ^1 ^3 £ 

^31 ^ v *>:a, CMP ^ CMPSl- <^1^1 

^ ^ ^ *>M-5. #7l *fl2 66)^1 ^ >J f S.^o] aj] 

*>*1 A oM m 5L##-g- ^5**H1. zle^, #7l ^e}*(66)^ «-ch] ^ ^oflA-f 
^^S]o]^ #j=l afl^34 a o v 7 ] se« ^^.(62)1- #7}*\°.3. 9}^ ad ^ 

^7} ^^4. SE^, ^7] sEfl-I-(66)^r ofl^^^. a o v 7 ] ^2 ^9!^-(66) #<Hl 5. 

^€ f^^?°M ol^^l £^^-1; a>^1a1z| ^§0.5. 

71 ^13 JE*i#-a- sflE^f^ ^71 ^e?#(66)-|- -S-*fl #7l ^#^1 si« 3fl^(62)sf 

<53> wj-21- ^-Ol .M. Tgxgo) ^1 ^AHlofl S^}^, 7l-7l^t SEfl 3fl = (62)# 

*Kr ^t-(66)-|- 4-, ^#^1 ^ 2fl^(62)Sl ^-ofl ^>«. wfl^(55)# 
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51 91^ °}^iEL#(54)-g- T^rS^ ^3 ofl^EijAl^ ^^#(68)-§- ^^tbcf. 

S]^(68Hl Sl«fl #7l n>^ 3 ^(54)^ xL\M}^7} ^*r*l ^ «fl^l 

(55)4 ^«j#(66) iflofl ^^S)^- #si^L SL^r *H1 ^7l^ t^^M 



<54> ^AHl 2 

<55> £ 3a ifl^l 5. lib- ^12 ^Al'oflofl ^-^1^ ^l^w]-^^- 

<56> 5. 3a <3^(101)°1 71^5] sg^SoliL, £ 3b ^ £ 3c 5. 

3a ^ AA'^i ^ BB'*H <4€- -f- A o v ^ 4u*>£-e| (shal low 

trench isolation: STI) ^j-§- 7l#(l00)-§- 101)4 -M-^ <3 

^(102)^.5. ^£-th=J-. 
<57> H ].^^ 7l |^ i # 7l ^ ^^(101)^- T7>2] ^-^(mirror image) ^Efls. 

4. ne^, #71 <£<*!(101)-g: T7>^ o.S ^ ^-g-^- #^olcf. 

A o v 7l ^UOiHm ^ ^<H1>H 3<Hs. ^ 7fl^ sen cg^s-o] ^ 

<58> £ 4a^ Tllo] E Sl-ol(108)ol 7l#<i| ^^io] £ 4b ^ xe. 4c ^ ^ £ 

4a4 AA'^d % BB ' ^ °1] ^^14. <I3 ^^©.S. 71^(100)^ ^ 

( 101)2] S^ofl ^ 7flo]E ^-§")# ^^1^1 H $W 7l)olE^- 
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*fll £ 711 oje ^3.^(110)^ ^BflS y|-^-^*>7im, #7l afll i^i 

#5^5^#(104) * #7l #^^^^#(104) #°fl ^ ^^}°1 

^#(106) -8: i^cf. #7l 711 o]E °>^^(110)^r $-4? ^cHH ^^H^ ^ 
<gnVo,l tfl*|| £fe f-^, ^^Tll^ <^E]^ 7fl<lSl #^5. 

<59> °1<>H, A>^]Alz| -^^ o_JL #7l TllojE u}^j3.#(110) 5 afll 3flE^*> 

<*| 711 °1<= ^^(108)* ^W^K ^^l^jO-S, #71 TIME Pl-i^^(llO) #ofl 7>V^1 ^ 

3} a. 5. XI 1 ISel^lil *fl€(£.*l*H &-§-)# ^- 7 ) ££e^liE sfl 

^ n}^£lS °l-g-*}o} #71 711 olH v\^EL%(llQ)^r &q ^]4W. ^R 1 ^ ^ 
M ^ ^ #71 XI 1 iSefl^l^E 3flEd* Xl7l*V 3flEi^5l TflolE o>^^^ 

(110)-g- °l-g-^H #71 XU ^14*H #^^^^^(104) ^ ^ 

^^Afol^ *( 106 )ol ^*sl 44 ^7H^ TflolE 5^-01(108)* ^#^. #71 §# 

(101) Til oiE ^^(108)^- M0S S;ffl*l^Eisq 711 oIe ^i^-^-S Xl^^cf. 
<60> #71 TflolE el-6i(i08)*<il 71^(100)^1 ^i^oll ^ -^M*! ^^H^ 

;g<£QHl tfl«fl ^ «>^^>7fl^- ^-g- 7111^ ?i<£ 

#^>al, #7l ^^BV* o]y#s$ ^Zj-SH TflolE E}«y( 108)3 711 ol 

— ^Xl °H (112)1- ^#^rcf. 4^1, #71 711 ol m ^^(108)^8: n #^ ^ ^*1°] *3 
^ TllolE Pf^S^(HO) ^ TllolE ^iflol ^(112)3. f;e1*Hj2.E_ o] ^ *V Til °1 E_ 
5^^(108)51- #7]^°-g. ^Sl^tq-. 

<61> ZLBl f-#Sl ol-^-Oj ^ O. ^ ^ )o ,E ^2)l0lA-KH2) <##°} ^ 

^^(101)3 3.13 ofl M0S e ^e-1 3 ^.2. i/ = efl o] cg^( £ Al^l 8>#)^ ^#^i=k 
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SK1U08) ^ (101)^1 S^ofl ^^.^/^efl^ «3^-§: 

Cf. ^HHH^ «^^ol ^= cg^olJL H.eflo] cg^ol ti] j=_ Elj- 

O] Cg^o] ^Cf. SVufO] Cg^dOl)^- 7lLfb 711 °m ^(108)1-^ 

^UOlHl ¥ 7H^ i^£L ^ ^ a] ebI-o] cg^oi $^t|.. 

<63> £ 5a^ ^ *\^3. sfl^ol *§s§Q 71^-^1 ^^SoIji, £ 5b ^ £ 5c 

^ 5- 5a^ AA' -ti ^ M0S M ^ #-8: i^-*V 7l^/ 

(100)^1 ^^ofl 711<1^ f|S °1^*1 ^ u ^£sj-(ll4)-g- 

4. T^U ^^sv(114)* ^^-tV ^, ^Mr ">^* ^*V7l $)is\^ 

CMP *3 iE^r <Hl*l«-» ^-7] afll ^^^(114)^1 ^ &4 

<64> o^^, Aj- 7 1 ^ <g^ (101) ^. 7fl^-(115)# ti> ^Hflo^ Af7l^l 

u}^=! $\# t ofl^cJl ^12 iJ^eflAl^E 3fl^(p.R)-i; oi-g-^cx^ Tiiols e}- °]( 108)4 

7ll 0 lS Bl-o](108) A>ol^ ^£^^1 2^iE. ^ til eal-o] ^.bM c^o} ^ 

<65> £ 6a^ ^1 ^ ^12 5fl^(116a, 116b)l-°l 7l#^ ^SoUl, 
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5. 6b ^ 5- 6c ^ £ 6a2} AA'^ ^ BB' ^d°fl 4€- 7^-^(115)1: 

-I: nfl^s>H^- afll ^^^(114) A <H1 *fl2 S.*!*, cflSlcfl JH^JE.^ 

?m ^2 % m %a i^ D -i(ii4)t ^^si-^. =l^t&, 

(115) A oHl i^fEL ^]^£ ^ 7fl^ Cf^ ^Bfl 3flc- ) ofl^^ ^-7] i^J= 

5fl J=( 116b) 7> ^^^cf. 
<66> H ].^§]. 7 fl^ i J# 7 ] ^2 CMP °fl*l^ ^ CMPSf ofl 

2^ ^ o]± ty^s. 

<67> £ 7a^r ^*(122)°1 7 ]^.<q ^^^ojji, £ 7b ^ £ 7cfe z}" 

t| 5L 7a^ AA'^d 3? BB'^Hl A c v ^t!: £°1 *fll ^ *I12 

3^1 = (116a, 116b) ^ ^ BPSG, USG, HDP #3*# CVD # 

^ #3?-S 31^1 ^2 #7_1 ^<3^(118)* ^^W. # 

71 ^2 ^<?!^(118)^ #7] ^ alls. (116a, 116b) ^ =L $H ^£1°!^ 

<68> a o V 7 ] ^ 2 ^^^-(118)* * , A>^1 ^<S} n^-fr ^*>7l ^<5> 

<^ CMP ^ BE^ 611*1^ a o v 7 i ^12 ^^^"(118)^ ^ 3X 

<69> °1<>H, A >^^^ ^cHl ^*fl A oM *112 %-7\ ^^^-(118)^ ^^SLS. ^A*}^ 

^7} <^^4 ^*Kr *1l2 ^Sj 3fl = (116b)l- «lmsl-^l ^r^ir 

(120)1- cf-S-, A «|I^J ^#(120)^- 2112 ^ 311 = 
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(116b)Sl A <M1, ^7) TllojE o}i£L#(110)* ^ SI* ^^1, ofl^tfl 

ej= 500A21 JjMIS ^<33 o^^^ ^1 ^^#(122)* #71 ^3 °fl 

^^]<M XU ^3-^(122)^8: ^3*1 OL is}¥-2] 7\]o]E. d>^3.#(110)* 

<70> £ 8aTr wlMBj-°l(i24)°l ^HoIjI, £ 8b ^ £ 8c ^ £ 8a 

51 AA'^d ^ BB'^Hl 4^ ##f!; w>sq- ^-o] 2t#€ XI 1 ^eh sfl^(ii6b)5l 

a^ofl ^h«^ ofljz]E«Al^ ^Sl^-^(122)# ^ , ^^#(120)* ofl 

^SKE-lf- XI 2 ^^^"(118) A cMl alsel-^l-g- XI 3 3? wIe^o] n>^ a #(126) 

* *>BflS ^HM^fe, ^"71 ^3 £^£r XI 1 #4* ^/3L^ ^"71 XI 1 ^ 

^ «t, 1"X ElEHr/ElEHr 4<XH2MJ=(Ti/TiN)iS. o| -cH^l x]i * ^ ^2 

#<X 3^3!(W)°.S ol^^l ^2 #°1 ^ ^o_3. ^ ^-71 

ti>^ai^>7fl^ ^el^ f-fJS <8^^tf. 

<7i> #^t> <&3H ^*>^ ( f ^-^ °l-¥-<H*l XI 3 5L#%°] 3^ ^* 

(120)<X1 ^^€4. ^3, ^"71 tilE^c] ^.e»#(120)^1 vfl-¥-°fl 

O] ^.EM #^ZL# ^#*V :f , ^"71 HlE^-O] ^EH #E^ZL^1 *J ^ Xl3 

* ^S. 9X^. ^, A oM tilE^o] ^e«^ (120 ) ^ ^]2 ^£^(118) ^1 El 
Bl-WElE]-^- M-olEs}o]c( Ti / TiN )^ o] =Lo^ ^J-tri =-4^ ai E^^O.^. ^^-<X^1 Xl3 

^*Mfr ^, <Hl*l«] CMP ^^-5. #7l ^12 ^^^(118)^ 

ol afl^H ^-^-g- Xl7l*Vcf. ZLe^, #71 ti)MSK] ^i«#(120)Sl ^-^-ofl 

#7l X]3 ^#0.5. °1^<X^! Hlsei-o] ^Efl ^SlZL7> ^^^4. 
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(118) A <H1 ^Hl4 ofl^tfl ^i^lAS. ol^c^^l ^fl3 «J tijE^o] 

(126)-g- *>3flS f^ v W. ccf^i, alM^-y ^ #e^* ^-f^^ h]e^.o] 

<72> °1<>H, #71 ti] e^o] n>^3.^(126) ^Ml f^AS ^13 3LS.3fl*lije sfl^C 

^ -§-)"§- ^, ^"71 ^13 tfftQ^. MyJ nj-^a.S °l-g-*}<*| Aj- 

7l tijE^-ol n}^^^(l26)^r £^ ^t^. °\}^ ^ ^^-5- ibM ^13 

eH^l^M sfl&i^ aflT^ ^, 3j)Bl^^ tilE^-o] n>^a.^(126)^r *}^3.3. o)^} 

<*| #7l m £^ til Esl-o) ^iw^(i20)-a: -S-^fl *lll ^ 3)1 = (116b) 

<4 ^71^^.5. ^^Sl^ ^K^flS] tilE^ol( 12 4)# ^W". ^"71 tilE^-o](124)^: Til 

ole ^oiqos);^ ^m^b y o v ^S. ^I^-^cf. 

<73> <*)7lAi, ^1-71 7113 iSell^l^E nflEj-g. ^S}7l *H , <#7] tilE^O] v}^EL%- 

(126) #ofl A}^Z}- ^«-*>7ll ^*8*M *U} #*lf-g- ^ olt} 

. «oMf^ ^-^ul-olEei-ol^csiON)^ *<>m, -2- 

-8: ^S^^ SiON^S ^€ -M.^7fl ^ ^ 5U£h ^"71 «VA> w o >^l#-^ 

<74> ti>^ ^1 til e ^o](i24)l:^: ^ *1 ^, ^ *!--§- 3 ^l^l 

oil- +\7j7>}a] Zl-Zl-S] til Esl-ol( 124)^1 ^r«Hl til Esl-o] ^^olA-l(128) 

1- ^ W. af^-^^Tll^, A o v 7l til Eel- o] i3)l°H(128)^r 100 -200 A ^5.$) t^I-S. 
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<75> £ 9a^ ^S^*] ^*(132)°1 7}Q2] 5§^£olJl, S. 9b ^ £ 9c 

#(126) ^ wlM^-o] 128)5. #ei^o] u| E e }oi( 124 )f ^. ^4^-^ 

^ofl BPSG, USG, HDP ^5^1- CVD ^s}-§- ^zj- 

*H ^13 ^^^ v (130)-i: #7l *fl3 ^(130)^ #7] al^ej-o] 

(124)2f -f^r ^*<HH ^^H^ r^£e)*l i^JE. ^ZL-I- *i7}^o_3. 3^*Hr 

<76> >^7l ^3 ^^^(130)^- &2tf± ^, A>^ -g-Pgo} ^*>7l ^ 

<^ CMP Sfe <Hl^l H -fl ^-^^-S ^3 ^^^"(130)^1 X^-g- ^^W. ^ ^\ 

-§-, ^-°5 ^-71 z\}3 ^9!^-(130) ^ *fl2 ^^^(118)* ^^^A 

^]zH}<*| #7l iSe^l i.^. ^Uj eg 03^ ^11 ^1* sfl^.(ll6a)l- ^#.*>fe 

^5.5^1 i^-E. ^#(132)# . ^ 7l A^, ^a-j: H8a^ ^2 ^<£^ # 

<77> O.^, A>^1 ^ofl o^fl ^-71 ^13 ^^^"(130) 711 o]E ^(108) 

# tijE^o] P>^a.#(126) ^ wlEej-o] ^2llol^(i28)ofl cfl*fl ^ 

7>^5 #71 ^13 ^^ev(130) ^ *fl2 ^^5V(118)^ °1« 0 M3 Aiz)-^. 

zlb^, tilE^oK^)^ tilEe}o](124) Aj-olofl ^EH 3}) = (ll 6a )^- 
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(132)^ 7)}°}^ e}<y (108)4 ^£.2. ^^Hr ^ sfl^(116a)l-^ 

<78> £ 10a ^ £ 10b^ £ 9a^ AA'^i ^ BB'^ofl , o\]z) 

^M<M *fl2 ^^#(134) 31 ^ ^5)1 °]*\ (136)# ^*Rr #311- 5>1*>4. 
44 4<?] *8314 ^£^4 ^^l-(132)-§- ^, ^H 1 ^ ii^ ^ °- 

5. ^14 ll^liS afled^ 

<79> ii#4 ^EH 5flH.(116a)^ -#7) 7flolM n>^H#(110)# 4 

*\Hk ^ 91^ 3 £4 ^Ml, ofl^itfl 4 500 A ^1 ^3x]e«a1^ ^e]€-# 

(134)1: ^t>4. 

<so> a o v 7 ] ^o\) #7l *fl3 ## *3<24(130H1 tflsfl 44 ^ujall- ^ 

, ^4 ^Sfl- TlllS] ^<^^-i- ^n*}3L, #7] +d^m ofl^l^Al^ ^2 

#(134)1- ofl^l iJ£3]S 4-8-*>4 #7l ^<*141: °l y 0 v ^ Aiz|f-o.^^l zj-zf4 A £e ] 7 | 
i^— ^ej#(132)Sl Lfl ^ ^H) M 136)1:* ^t>4. °M, A <M ^ej 

^2llol^(i36)^ a]EE}o| ^40^(128) 3\ 42 ^Kl ^<24 #^-#(118a)4 ^ -£ofl 
£ ^€4. ^-71 ^ ^afM4(136)^ u]e^o]( 124)4 A o v 7l ^£e]4 -EL -g-iM* 

(132)^1 vflJjLofl ^ si o] ^ ^£3*1 SEP #e ^ZL #4 ^_ 7 ]tA c+gKg- aj-^l^ <* 

^# tt4, 

<8l> SEjj i^olA^ 136)* *§<%f>}7] 44 *3M, ^71 afll ^ 4^ 

(116a) 4°fl ^4 ^i^^ oflslEijAl^ ^2 *Je}^#(134)£r TlM e 4°1(108)1: 44^ 

5Utt 7l]ole nf^a.f.dlO)* t^Jr*}^ t>4. 
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<82> £ na % £ llb^r 44 -£ 9a ^ AA'^d % BB ' <d °fl 4^r ^.£5.4, ^ 

— ^EH S. e ^( 138 ) € 4g ^ t}^ C+Tjll- £4^4- AJ-^^- Uj-Sf ^o] ^-Ejj ^sflolAl 

(136)1-* ^, A oM ^Jg.34 £JEL ^#(132)*- afl^sVS.^- ^13 %-H ^<S4 

(130) ^Hl *fl4 ^ll^cfl -t^3^§-a- #4^4. ^ 4-g-, #4 *fl3 

4(130)^ ^-¥- ^4*1 CMP fE^b ^^.S. #7l X| 4 £ 

^Sj^H 44^1 ^£^4 ^ ^-^#(132)^ ifl-«M| £J= -g-e]4 
£ = ^E^ZL( 138)# H^4. 

<83> O]^, -§-#4 ?1N44 ^-71 ^SE)*1 hi£ ^ #e^ZL(138) #<Hl 

1*4. 

<84> ^-^t!- 44 ^-O] -S. ^-rgo^ ^2 ^Al^oll o]^, ti] HE]- O] (124)54 i^JE. 

^ #EiZL( 138) 44 4?13 #4* #44^ ^ i*M4(136)* 4*V 

^4 2fl^.(116a, 116b) 1:2] S.^) ^€ 41 4 ^Je)^ 

(122, 134) ©1 7))°}^ 44(108)* 44^ 91^ TflolE 4iaL^(110)°l ^44^r li^L 
4*14^r ^-l- 444, Tfl^M 4^(108)4 tilEE}o](124), HE)31 TllojE b^oJ. 

(108)4 ^ ^ #^3.(138) 44 ^_ 7 ^ cj-e^ ^)^r ^ $14. 

[^4 Jl4] 

<85> tif4 Qo] ^°\} 444, 44 33 ^ 2fl^« 2n#4?l*r 

oi^. ^ nj-^^f,^ ^^^s. ^r#q <h]3]^ai^ <a4W* >S4444. 444, 
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11 

#7l 7l^r #ofl a-^s. ^^E]JL, afll ^ #7l *1]1 

z)- afl^ ^ttioil *§#^ ^3flolA^-i-; 

#7l isH<>H^ 5-1^^^ ^*V^H tifl^jz]. oj^j^ aflAj a}o]o} ^-g- nfl 

^^U, *fl2 Si^JLS o}^o]^_ 4^7fl^ 7>7l^l ^Hfl 3(1 = 1-; 

#71 ^Uj aflAjS- 7 )# #6fl ^^Jl, A o V 7l ^ 3| £ | § 

#71 -g-^** **fl ^ SllH.^ JL^ A cMl #7] aflAjo^ ^ p].^^^^- 

#*1. 

2] 

*ll 1^1 #71 ^ ^H*^ a o V 7 ) A^J- ^o^ofl ^ 

3] 

^12%H1 91°]*] , #71 ^ ^ *J<35j- ^5)1 o]Ai^ Aj^S T^S} 
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4] 

*fll%Hl 9X°]*\, A o V ^l *fl2 S.^.%-Br #Sl^5^#°J ^ o- s^lo^ uv 

£*)1 #*1. 

5] 

*fll*oHl 31°]^, #7} ^ sfl£Ll- ^7) ^^1-^ 141^-^1 ^13 £ 

61 
7] 
8] 

tiVS^l 71^: #ofl ^ s ol^5i) ji > ^ ^1-71 ^1 

Z]- Hl]A}o} ^tf ofl ^<gnV ^^ol^l-^- ^*Kr #711; 
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a o V 7 1 2)l = -i.ol ^£ 7l^-Sl ^ofl ^njvg- ^71]; 

^-71 -a?"** -M A oM ^ej ^Hl, ^7l afl^ v}^h. 

9] 

*U8*<H1 91°]*}, ^7) v\ + EL^t ^ r^H^ ^-71 ^^l cfl - 

10] 

*fl9*<Hl 91°]*], A oM *i<2 v}^EL^- ^ i^M^fe ^Bl^ ^S}-# 711<I^ 
11] 
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[$^* 12] 

*>.E*fl A oHl ^3. ±$ o.^ o)^^ji ; * ^-7] afli 

#°fl °}±3.%~& £#*Vfe ^^7flSl HflAl-i-g- <g^«Hr 

yfl^o] =lp*H] ;g<£^ ^^olA^-i- ^*Kr cfTjl; 

^ 7fl<^ 4^ ^.Bfl <g<*=-g. i^>^ 7H^# ^ y> ^eHo] p].^^ 3fl 

#71 ^- 7flSl Cf^" ^ 7 l^-o^ ^igofl £^-§- *8 

A oM ^Bj-g. «-^-^O.S ^Zj-^H ^"71 ^ 7fl<^ t)-g. ^ 3fl^# 

13] 
14] 

*1]13*<M1 ^71 *d<£ v\^EL^ ^ ^Sj- ^^olAi^ ^-g- 7fl<I^ 
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15] 

Xll2*°fl 31°]*], ^7] ^o]5i <=- 7 fls] cfs ^ 3fl£f|. ^SRr #7fl*r, 
A oM ^<£^ iXl°H», tifl^s. ^ 71^ ^-ol] XU 2£sJ"8: ^*Hfr #31; 

^ 7^ Uf^ ^Bjj <3<*^.§- if-*Kr 7fl^l- ^ ti> ^Eflo^ v}^EL ^ 
^ °l-§-*>^ «fl^l^- tb «ti^ 71 3& nfl^H XU ^ 

711; ^ 

^"71 Hfl^Sl ^ u}+=L^9) ^ g_^o] i^Sj nfl^l <#7] XI 2 ^ XU 

#?i ^SHHr #Xl* i^l-cx} ol^^l^ ^-g- ^ «V£Xl 
^1 XlS^fJ. 

16] 

XI 15*4) 5U<H^, ^-71 sg^a* ^Xl^ 7l7)H <£n}(CMP) 4|*1«| *3 

it^ CMP^ ^1^1««# ^ ^>i4S -r^Hr ^ ^-^^-S. 

XI xishJ-'S. 

17] 

Xl 12*41 5U°H, ^7l J= 7 flSl Cf^. ^BM 3|£ f - e>M-Sl afl-EL* 

^#*}^r ^*£r A oM all 31- **°.3. <y^}^ 3fl-B#^r ^W<X 
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l^^-Q 18] 

*fll2*J-°fl &<>H, oflsliflAl^ -gB^** ^*Hr #31 ^, 

Aj-ofl ^ 3fl o] *§^<5Rr #7fl; ^ 

^*Hr #31-1- Ci ^Hl^ ^-g; ^ilS. *}^=r #-£*fl 

[^t 1 * 19] 
20] 

*fll9*cMl 91°]^ , A o V 7l ^3lflolA^ ^5]^ ^-§. 7ll<i^ l^sfe ?A 

# #JE*fl ^lS«o V ^. 
[^T 1 * 21] 

4^7flsi cgcd # ^ u> £ ^ 7l ^. AVofl, ^q-^ ^ ^crf^- ^q-^ oi^*v 

£41=- =L ^ ^ ^<*fl 711 ole "}^# ^ 3lolE ^511 o] A^l- ^ti^}^ ^^7fl^ 711 o] 

* ^"71 i^JE. ^EM cgcrf^ AlU 2^ sflcs. ^ AV 7 1 til E^- 
°J ^ ^#*Kr ^12 ^ 3fl^#^- *j^Kr #711; 
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#7] afll £ ^2 ^ sfl^-l-ol 71^-51 ^i^ofl ^<3V-§- c4- 

^5>^r afll ^ej sfl£tt ^t^H af<y ^Eflsl 2n= ^M-fr ^ 

4 ii.EL -f-*fl ^1 51] co^ ^-ofl > A>7l TIME 

[^T 1 * 22] 

^21%H1 5^^, ^-71 TflojE D}i3f ^ TflojE ^3)1 o]A^ ^E]S ^J^g. ?fl<g 
23] 

^121%H1 91°]*), A o V 7] *fli g ^ = 1- ^*Rr #711^, 

A o V 7l 7\]°]E. ^71^- ^1 %- 7x } X4<£^-Qr ^*Rr ^711; 

tijE^-ol ^Bfl cged^ K x£o] nfl^l *fll <*]zHHr ^711; 
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^7} °flU*KE^- ^7} *fll *£<$n A oH] *fll 5L*d*-8: *§^*Rr £31 

A oM tIMM Df^^^o] ^igol nfl^j a c V 7 1 ^1 £ ^ Till 
[^^8- 24] 

X123%H1 5U°H, A cM c^]^ sj-tj- 7l7jl^ <£n>(CMP) ^ , °fl ^1 ^ ^ 

CMP^ S^"*V ^ ^ 5>u|-^ ^«g*Hr ^ ^-^^.S ^Rr 

25] 

X]21^oil a^H, aj- 71 ^M^^l i,^. ^hm |e]2|| *§^*Hr 3:711 *H1 , ^7l 
^3 ^) 31 «j a] <^ ofl^l >iJ£Sl5. Oj-g-^ Z\ ifl 

^em i^lolA^^- ^*Kr #711* 3 ^a^Rr ^ ^M) aV£*ll 
#*1^ Xl^ y o V ^ . 

[^t 1 * 26] 

X125%H1 5U<H>H , ^7} ^ ^)o}X\^ zJs^ 7fl<i<2} #*J3. ^*Rr 3 

27] 

X|21%H1 5a°H, ^>7l + 5L^x] iiiE. ^ #eiZL*-§- ^^s}^ 33m, 
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A oM a^l °fl?W ^12 ^sHM # 

[^T 1 * 28] 

a o >71 ^ ^2 3^7} *§^Q 7}#2) ^^ofl ^2 ^*Kr 

#7} *\)2 ^<£^-g- ^.^r^SLsL *]Z**H A o V 7l al^5}o] ^ eg erf 3). 

A *\^&C°A **fl XI 2 ^ 4 = ^ tfofl, ^- 7 1 TflojE nf^ 
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